Introduction
============

Kawasaki disease (KD) is a systemic vasculitis that occurs mainly in infants and children under five years old. The etiology of KD is still unknown, but it is standardly treated with shock therapy of 2 g/kg of intravenous gamma globulin. Approximately 5% of KD children still develop associated coronary artery diseases after treatment, and 8-38% of children exhibit initial intravenous immunoglobulin (IVIG) resistance.[@B1] In recent years, a number of clinical studies have shown that the combination of glucocorticoids (GCs) and IVIG for KD treatment can reduce fever, shorten hospital stays, and improve coronary artery lesions (CAL).[@B2][@B3][@B4][@B5][@B6][@B7] GCs are widely used to treat various types of immune vasculitis. At a cellular level, GC must combine with the glucocorticoid receptor (GR) to activate multiple downstream pathways, thus regulating multiple target genes.[@B8] Additionally, the amount of GC that can bind to the GR is not only regulated by the in vivo concentration of GCs and corticosteroid-binding proteins, but also, and more importantly, by the intracellular pre-receptor metabolic enzyme, 11β-hydroxysteroid dehydrogenase (11β-HSD).[@B9] In this study, expression levels of GR and 11β-HSD were measured in the acute phase of disease and after treatment in order to determine their significance in the development of KD and to provide a theoretical basis for the application of GCs in KD treatment.

Subjects and Methods
====================

Subject inclusion criteria
--------------------------

Patients met the revised diagnostic criteria for KD (5th edition) proposed at the Seventh International Forum on KD.[@B10] The patients had a disease duration of ≤10 days and did not receive any non-steroidal anti-inflammatory drugs or IVIG. The first day of fever was defined as the day of disease onset.

Exclusion criteria
------------------

Patients with concomitant congenital heart disease, diabetes, or other inflammatory or autoimmune diseases were excluded.

Patient group
-------------

Thirty KD children who were admitted and diagnosed between August 2013 and May 2014 at Xi\'an Children\'s Hospital were selected for the study. They included 22 boys and eight girls, aged five months to six years with an average age of 1.6 years. The coronary artery normal (CAN) group included 16 patients, and the CAL group included 14 patients. Of these, 29 patients were diagnosed with complete KD, and one was diagnosed with incomplete KD. According to the standards established by cardiovascular and immune experts of the pediatrics branch of the Chinese Medical Association,[@B11] 14 patients in this study exhibited coronary artery dilatation, nine exhibited slight dilation, four had moderate dilation, and one had a huge coronary artery tumor. All patients were administrated IVIG (2 g/kg) treatment within seven to ten days of disease onset. The control group included 30 healthy, age-matched children, including 20 boys and ten girls aged 2.0 to 5.3 years (3.94±0.97 years). None of the healthy children had fevers or any other medical history, and blood samples were obtained during a regular physical examination. There were no statistically significant differences in age and gender between the two groups. This study was conducted in accordance with the tenets of the Declaration of Helsinki and with approval from the Ethics Committee of Xi\'an Children\'s Hospital. Written informed consent was obtained from the guardians of all participants.

Specimen collection
-------------------

Four milliliters of peripheral blood was collected from KD patients in a fasting state on the day following admission and five to seven days after treatment. Samples were anticoagulated using ethylene diamine tetraacetic acid (EDTA) and conventionally centrifuged to obtain monocytes using the stratified fluid density-gradient method. Samples were then divided into two parts (1 mL each) for messenger ribonucleic acid (mRNA) and protein extraction. Blood was only sampled once from the control group using the same methods.

Real-time PCR
-------------

Monocytes were isolated using TRIzol (TaKaRa, Dalian, China) according to the manufacturer\'s instructions. Total mRNA was extracted, reverse transcription was performed, and the cDNA was quantified. Real-time PCR was performed with actin as the internal control. Primer information is shown in [Table 1](#T1){ref-type="table"}.

Western blot analysis
---------------------

Proteins were extracted from monocytes using conventional methods. All protein from the normal group were mixed for bicinchoninic acid quantification and western blotting. Monoclonal antibodies against 11β-HSD1, 11β-HSD2, and GRβ were purchased from Trask Lane (Danvers, MA, USA), and secondary antibodies were purchased from Zhongshan Co. (Guangzhou, China). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal reference.

Statistical methods
-------------------

SPSS 19.0 (SPSS Inc., Chicago, IL, USA) 19.0 was used for statistical analysis. The intergroup differences were evaluated using t-tests, and a p value\<0.05 was considered statistically significant.

Results
=======

GR mRNA expression
------------------

Before treatment, the expression levels of GRα and GRβ mRNA in peripheral blood monocytes of the KD group were 8.76±0.92 and 3.78±0.43, respectively, and were significantly higher than those of the control group (1.00±0.06 and 1.00±0.05) (p\<0.01). After IVIG treatment, the expression levels of GRα and GRβ mRNA were significantly reduced (p\<0.05) ([Fig. 1](#F1){ref-type="fig"}).

11β-HSD mRNA expression
-----------------------

The expression of 11β-HSD1 in peripheral blood monocytes of the KD group was 7.13±0.79, which was significantly higher than that of the control group (1.00±0.07) (p\<0.01). The expression of 11β-HSD2 was 0.32±0.05, which was significantly lower than that of the control group (1.00±0.06) (p\<0.01). After IVIG treatment, the expression level of 11β-HSD1 was significantly lower than the level observed before treatment (p\<0.05), while 11β-HSD2 expression was significantly higher after treatment (p\<0.05) ([Fig. 2](#F2){ref-type="fig"}).

Western blot analysis
---------------------

Western blotting further confirmed the changes in GR and 11β-HSD expressions before and after IVIG treatment. They were consistent with the real-time PCR analysis results ([Fig. 3](#F3){ref-type="fig"}).

Relationships between GR and 11β-HSD mRNA and CAL
-------------------------------------------------

Before treatment, the expression levels of GRα, GRβ, and 11β-HSD1 in peripheral blood monocytes of the CAL group were significantly higher than those of the control group (p\<0.01). Expression of 11β-HSD2 was significantly lower in the CAL group than in the control group (p\<0.01) ([Fig. 4](#F4){ref-type="fig"}).

Discussion
==========

Synthetic glucocorticoids have significant anti-inflammatory effects. They inhibit the activity and proliferation of immune inflammatory cells, and they reduce the expression of endothelial cell adhesion molecules.[@B12] Accordingly, they are used to treat a variety of vasculitides. GCs function by binding with the GR, followed by entry into the nucleus to promote or suppress the expression of target genes involved in anti-inflammatory processes. The GR belongs to the nuclear receptor superfamily and is divided into GRα and GRβ. GRα can bind directly to GC and is the main receptor that mediates the anti-inflammatory effects of GC in cells. Its density and affinity are positively correlated with the efficacy of GC. Because GRβ cannot form a complete ligand-binding region, it cannot directly combine with GC. However, GRβ can bind to GRα and form a heterodimer that lacks transcriptional activity but can bind to the GC response element. It can compete as a co-activator with GRα thus inhibiting the activation of GRα. Therefore, GRβ is considered an endogenous GRα antagonist, and the increased expression of GRβ is closely related to hormone tolerance.[@B13][@B14] Therefore, GR mediates the biological effects of GC and plays an important role in inflammation and stress responses. The results of this study indicate that the expression levels of GRα and GRβ are significantly higher in the acute stage of KD than in the healthy control group. This difference was particularly apparent for GRα. After IVIG treatment, the expression levels of GRα and GRβ mRNA were significantly reduced, but they were still higher than those of the control group, indicating that receptor modulation is an important anti-inflammatory mechanism in KD children. GRα mediates the effects of GC, and the upregulation of GRα mRNA might increase the sensitivity and efficacy of GCs. Therefore, the application of exogenous GC might have anti-inflammatory effects in the early stage of KD.

In recent years, pre-receptor modulation of GCs has received increasing attention. 11β-HSD is the enzyme that regulates GC metabolism, and it includes two main subtypes, 11β-HSD1 and 11β-HSD2. 11β-HSD1 is an active nicotinamide adenine dinucleotide phosphate-dependent dehydrogenase and oxidoreductase that can catalyze the mutual interconversion of active cortisol and non-active cortisone. It is involved in oxidation-reduction in most cells, converting inactive cortisone to active hydrocortisone (cortisol), prior to binding the GR. Therefore, it works synergistically with GC. Generally, it is believed that 11β-HSD1 enhances the intracellular concentration and activity of GC, induces 11β-HSD1 expression, and enhances the protective effects of GC with regards to inflammatory injury of endothelial cells, while 11β-HSD2 exhibits the opposite effects.[@B15][@B16] Studies have shown that the serum cortisol/cortisone ratio might reflect the activity of this enzymatic reaction. Sano et al.[@B17] found that the serum cortisol and cortisone levels in KD children on admission and after the first dose of IVIG therapy were significantly higher than those in the disease recovery stage. This suggests that 11β-HSD1 activity in KD patients is upregulated and that this upregulation decreases in a time-dependent manner via the reduction of adrenal gland secretion and/or the reduction of 11β-HSD activity, which decreases endogenous cortisol levels. Earlier administration of exogenous GC could have anti-inflammatory effects. The results of this study confirmed that the expression of 11β-HSD1 mRNA was elevated in the acute phase of KD and that the expression of 11β-HSD2 mRNA was inhibited. After treatment, the expression of 11β-HSD1 mRNA was significantly reduced (p\<0.05), while 11β-HSD2 mRNA was upregulated (p\<0.05), suggesting that changes in 11β-HSD activity are a compensatory response. Inflammatory cytokines and cardiovascular injuries might activate 11β-HSD1, thus enhancing hydrocortisone activity.[@B18] The downregulation of 11β-HSD2 mRNA indicates that the speed of GC inactivation was reduced, corresponding to an increase in its concentration in inflammatory tissue cells. These results indicate that in KD, changes in 11β-HSD are important for regulating the inflammatory response and that early intervention with exogenous GC might help control inflammation and reduce CAL.

The GR mediates the physiological and pharmacological effects of GC, and GC activity might correlate with activity of its receptors and pre-receptor, 11β-HSD. When GRα mRNA is upregulated, GR synthesis increases, and GC can more easily bind to its receptors and exert stronger biological effects, thus enhancing the physiological roles of GC. Intracellular 11β-HSD1 mRNA upregulation could enhance GC activity, and the anti-inflammatory effects of GC can therefore be regulated at the pre-receptor level. Thus the anti-inflammatory effects of GC can be enhanced. The results of this study demonstrate consistent upregulation of GRα mRNA and 11β-HSD1 mRNA in the acute phase of KD. Exogenous GC might upregulate intracellular 11β-HSD1, thus increasing the intracellular biological activity of GCs as well as enhancing the stress and anti-inflammatory abilities of the body. Studies have demonstrated that dexamethasone increases the in vitro activity of 11β-HSD1 and that the application of dexamethasone in early KD could promote the activation of 11β-HSD1 to inhibit acute inflammatory responses.[@B19][@B20] Therefore, the application of low-dose exogenous GC in early KD might have anti-inflammatory effects.[@B21] The results of this study also show that GRα expression was significantly higher in the CAL group than in the CAN group. This correlated with the presence of CALs, indicating that the expression levels of GRα might reflect the condition of KD patients. This further confirms that the clinical combination of GC and IVIG in refractory KD and severe KD is an effective and safe treatment.

KD is a common childhood vasculitis that is associated with the long-term complication of CALs. The standard therapies for KD include the combination of IVIG and aspirin, which effectively prevents the occurrence of CALs, but some young patients still develop CALs. In recent years, a number of clinical studies have shown that the conventional treatment regimen (GC+IVIG) could be used as an initial treatment strategy for KD to reduce the risk of coronary artery aneurysms. The incidence of CAD in children with KD did not differ between those who received simple hormone GC therapy and those receiving IVIG therapy.[@B22][@B23] This study provided additional support for the use of GCs to treat acute KD. Because IVIG is highly expensive and is a blood product, it might be an economic burden for a large number of poor people in China. Accordingly, the combination of GC and aspirin could be an economical treatment for KD patients.

This study was limited by its small sample size and the indirect detection of changes in GC concentration.
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###### Primer sequences of the 11β-HSD1, 11β-HSD2 and GR genes

![](kcj-47-377-i001)

  Gene       Primer sequence F, R               PCR products
  ---------- ---------------------------------- --------------
  11β-HSD1   F: 5′TCCAGGGTCAATGTATCAATCACT-3′   195 bp
             R: 5′GACTATCCCAGAAACTGCCTTCA-3′    
  11β-HSD2   F: 5′-TGGAACCTCCAAGGCAGCTA-3′      191 bp
             R: 5′-TGATACCCCAGGGAAGCAGTT-3′     
  GRα        F: 5′-TGGATTCTATGCATGAAG TGG-3′    212 bp
             R: 5′-TCGACTTTCTTTAAGGCA ACC-3′    
  GRβ        F: 5′-ACACAGGCTTCAGGTATCTT-3′      182 bp
             R: 5′-CCACGTATCCTAAAAGGGCAC-3′     

11β-HSD: 11β-hydroxysteroid dehydrogenase, GR: glucocorticoid receptor, F: forward, R: reverse, bp: base pair
